A case of necrotizing enterocolitis (NEC) with pathologic evidence of cytomegalovirus (CMV) infection is presented. This preterm infant developed abdominal distention and tachycardia, and a clinical diagnosis of NEC was made. Acute bowel obstruction occurred 20 days later. Biopsy specimens of the ileum obtained during laparotomy showed extensive CMV inclusion bodies and positive immunoperoxidase staining for CMV. Urine culture and polymerase chain reaction from the blood were also positive for CMV. The patient was treated with ganciclovir and recovered. Thirty-two similar cases of CMV enterocolitis and intestinal obstruction in premature and full term babies are reviewed here.
Although cytomegalovirus (CMV) colitis is a wellknown entity in immune-compromised individuals, such as those infected with the human immunodeficiency virus (HIV), transplant recipients, and patients receiving immunosuppressive therapy [1] , it is uncommon in immunocompetent individuals. CMV infection in infancy is generally asymptomatic, but approximately 10% of congenitally infected infants present with rash, jaundice, and microcephaly at birth [2] . Most term infants who acquire CMV through breast milk remain asymptomatic, in part because of protection from passively acquired maternal antibodies [3] , but premature infants may rarely present with fever, a sepsis syndrome, bone marrow suppression, and hepatitis [4] .
This report describes a premature baby who developed CMV enterocolitis presenting as necrotizing enterocolitis (NEC), and provides a review of similar cases in the literature.
CASE REPORT
This female infant was born to a G3P2 Hispanic woman at 26 weeks of gestation by emergent cesarean section due to cord prolapse with fetal distress. Apgar scores were 5 at 1 minute and 6 at 5 minutes. Birth weight was 864 g. The mother's prenatal serologies were negative for HIV, hepatitis B, and VDRL, and the pregnancy history was significant only for bacterial vaginosis. Prenatal ultrasound at 10 weeks of gestation was normal, but no additional prenatal study was performed. The baby was intubated in the delivery room and mechanically ventilated. She was extubated during her first day of life and started receiving enteral feeds with maternal breast milk via nasogastric tube. A course of indomethacin for closure of a patent ductus arteriosus was administered. Head ultrasound on day 4 of life was normal. The baby did not receive steroids.
On day of life 19, the baby developed tachycardia and abdominal distention. A plain abdominal film showed dilated bowel loops, but no evidence of pneumatosis. A clinical diagnosis of NEC was made; enteral feedings were discontinued, and parenteral antibiotic therapy with ampicillin, gentamicin, and metronidazole was started. During the next 2 weeks, the baby was hemodynamically stable, but suffered intermittent abdominal distension. Subsequent plain abdominal films were unchanged. Barium enema on day of life 26 showed thick inspissated meconium, mild microcolon, and dilatation of the distal small bowel. Rectal irrigations twice daily were started, and the abdominal distention gradually resolved. On day of life 36, enteral feeding was re-introduced. Three days later, the baby developed acute abdominal distention with respiratory failure that required intubation and mechanical ventilation. Laboratory studies showed a white blood cell count of 12 100/mm 3 , with 42% lymphocytes, 36% neutrophils and 15% band forms, hemoglobin of 13.6 g/dL, and platelet count of 47 000/mm 3 . An emergent exploratory laparotomy showed that the small bowel was dilated to the cecum with a stricture at the distal ileum. Matted bowel loops in the left upper quadrant adherent to the anterior abdominal wall were also seen. The adhesions were resected, and an ileostomy was performed. The bowel biopsy ( Figure 1 ) showed extensive mucosal ulceration with inflammation and granulation tissue. Also seen were cells with typical CMV inclusions, both nuclear and cytoplasmic, with positive immunoperoxidase staining for CMV.
The baby's anti-CMV immunoglobulin (Ig) M and IgG antibodies were negative at day of life 43; however, urine culture was positive for CMV. In addition, qualitative polymerase chain reaction for CMV in the blood was positive. The breast milk was not available for testing. The baby has received multiple blood products throughout her admission. However, our practice is to administer CMV-negative, irradiated, leukocyte-depleted blood products. Ultrasound of the head was normal, and ophthalmologic examination showed no evidence of CMV retinitis. Antiviral therapy with intravenous (IV) ganciclovir 10 mg/kg/d divided twice a day was started on day of life 44. Repeat viral cultures were not performed; however, the baby had a marked clinical improvement in the following days. She began trophic enteral feeding on day of life 49 and was extubated on the same day. A 21-day course of IV ganciclovir was completed, and the baby was discharged from the hospital on day of life 109 with an ileostomy. The ileostomy was closed at 8 months of age. On follow-up at 19 months of age, the baby had normal growth and development.
REVIEW OF THE LITERATURE
A literature search in PubMed (1950 to December 2009) was conducted to identify cases of CMV infection causing gastrointestinal (GI) disease in young infants. The terms cytomegalovirus AND infant AND (gastrointestinal diseases OR enterocolitis) were used. Additional search was performed in OVID MEDLINE ® using the above terms as subject headings. The references of identified articles were searched as well. We limited the search to cases published in English. Since we were interested in the gastrointestinal presentation of CMV in the early postnatal period, only patients in whom onset of symptoms was at 90 days of life were included. Immunocompromised patients or cases of Menetrier's disease were excluded. The first association of NEC and CMV infection, based on inclusion bodies on pathologic examination of bowel specimens, was reported as early as 1979 [5] . Several additional reports appeared in the non-English literature, including a review of 11 cases of NEC, 7 of which were associated with CMV infection [6] [7] [8] .
Overall, we identified reports of 32 infants younger than 3 months of age with gastrointestinal disease that was attributed to CMV infection (Table 1 ). All cases had pathologic evidence of CMV infection (eg, bowel specimens with inclusion bodies and/or immunohistochemical stains positive for CMV), except for one prospective study that was designed to diagnose CMV infection based on newly positive urine culture at the onset of sepsis syndrome or GI symptoms [9] . In most cases, there was additional evidence of a positive urine culture or positive serum IgM for CMV. Of the 32 patients, 15 were born at term or near term (36 weeks). The most common presenting symptoms included diarrhea (often bloody), fever, and a clinical picture consistent with NEC. However, in some cases, the presenting symptom was bowel obstruction or perforation secondary to bowel inflammation [10] [11] [12] [13] [14] [15] . Onset of symptoms was variable. Several case reports described the onset of symptoms as early as the first day of life, whereas in other cases gastrointestinal symptoms started in the third month of life. Thus, both prenatal and postnatal transmission of CMV can be implicated as a cause of GI involvement. Two of the patients had physical evidence of intrauterine CMV infection. Information regarding breastfeeding was available for 22 babies. All, except 1, were breastfed. Previous studies have shown that breastfeeding of preterm infants may be associated with symptomatic CMV infection [4, 16] . Since breastfed premature babies are less likely to develop NEC [17] , the onset of acute GI symptoms in a breastfed premature infant might be a clue for CMV infection. The outcome in most cases reviewed was favorable. Except for 2 extremely premature babies, all patients survived, with resolution of their GI disease. Only 11 of the 28 patients were treated with ganciclovir.
CMV causes a wide spectrum of GI involvement in immunocompromised hosts [18] , solid organ and stem cell transplant recipients [19] , and may complicate colitis in patients with inflammatory bowel disease, particularly those receiving corticosteroids [20] . However, CMV infection is generally not included in the differential diagnosis of a young infant with a clinical diagnosis of NEC. This report shows that CMV can involve the GI tract in both premature and term young infants. Since definitive evidence of CMV enterocolitis requires obtaining bowel tissue, there is likely underdiagnosis of this entity. However, unlike the life-threatening nature of CMV enterocolitis in severely immune-compromised patients, most of the cases described here had a favorable outcome with only supportive therapy and surgical intervention in cases of obstruction.
Although the baby presented here had clinical improvement temporally associated with ganciclovir therapy, we cannot draw conclusions regarding the effectiveness of antiviral therapy in similar clinical scenarios.
Future research is needed in order to accurately determine the incidence of CMV infection in patients with NEC. A prospective study that will enroll both breastfed and nonbreastfed premature infants with NEC will be able to document evidence of CMV infection in real time, both clinically and pathologically, and might establish a possible role for CMV in the pathogenesis of NEC.
